1 was determined on the basis of TDDFT ECD calculations. A further Penicillium sp. (strain IO2) that was isolated from the same sponge I. oros yielded the known compounds dehydrocurvularin (6) , curvularin (7) , and trichodimerol (8) . Co-cultivation of both Penicillium strains (IO1 and IO2) was found to induce the accumulation of the known norlichexanthone (2) and monocerin (3) that were not detected in either of the two axenic fungal controls.
Compounds 3 and 6 showed pronounced cytotoxicity against the murine lymphoma (L5178Y) cell line with IC 50 values of 8.4 and 4.7 μM, respectively. Keywords: Penicillium sp.; absolute configuration; co-cultivation; cytotoxicity; sponge-derived fungus Marine-derived fungi have received considerable attention in recent years due to their capacity to produce structurally unique and bioactive metabolites as potential sources of pharmaceutical leads. [1] [2] [3] Examples include neoechinulin B and its analogues, isolated from the marine-derived fungus Eurotium rubrum, as potent inhibitors of a panel of influenza viruses including resistant strains, 4 as well as the anthraquinone derivative lunatin from the sponge-derived fungus Curvularia lunata, which showed antimicrobial activity against
Bacillus subtilis, Staphylococcus aureus and Escherichia coli. 5 Marine invertebrates, such as sponges (Porifera), continue to be one of the most important sources of fungal isolates when compared to algae, sediment or drift wood. 6 Fungal symbionts of sponges are suggested to play a role in the biosynthesis of bioactive secondary metabolites used as chemical defense by their hosts, 7 which makes them attractive as promising sources of new bioactive metabolites.
In our ongoing studies on bioactive compounds from sponge-associated fungi, we investigated an unknown Penicillium sp. (IO1), which was isolated from the Mediterranean sponge Ircinia oros collected at Kemer of Antalya in Turkey. Subsequent bioactivity-guided isolation yielded a new fusarielin derivative (1) and two known compounds (4 and 5).
Co-cultivation of this fungus with a further Penicillium sp. (IO2) isolated from the same sponge resulted in the accumulation of the known compounds (2 and 3) that were not present in either of the fungal axenic controls.
Results and Discussion
From the Mediterranean sponge I. oros two Penicillium strains (IO1 and IO2) were isolated that differed with regard to their natural products when grown on solid rice medium. The crude EtOAc extract of Penicillium sp. strain IO1, was submitted to chromatographic separation using silica gel and Sephadex LH-20 as stationary phases followed by purification with semi-preparative reversed phase HPLC to yield one new compound (1) and two known compounds, including griseofulvin (4) 8 and dechlorogriseofulvin (5) 8 ( Figure 1 ). Hz, H-5) and 5.01 (1H, m, H-17) ( Table 1 ). The 13 C NMR showed a total of 22 resonances (Table 1) The ECD calculations also revealed that the negative 266 nm CE is governed by the π-π * transition of the C-6 and C-15 side-chains ( Figure S11 ). On the basis of the above data, 1 was identified as a new natural product, for which the name fusarielin I is proposed.
The crude EtOAc extract of the second Penicillium strain (IO2) analyzed in this study yielded three known compounds namely dehydrocurvularin (6), 12 curvularin (7),trichodimerol (8), 13 as evident by comparison of their NMR and mass spectroscopic data with the literature.
Interestingly, co-cultivation of the two Penicillium sp. strains (IO1 and IO2) induced the production of two known compounds norlichexanthone (2) 14 and monocerin (3), 15 which were not detected in either of the axenic fungal controls ( Figure S12 ). Co-cultivation of microorganisms has repeatedly been shown to induce the formation of compounds that are not detected when the respective microorganisms are grown under axenic conditions. 16 This elicitation of natural product accumulation is believed to be caused by competition/antagonism of different microorganisms and has been shown to be due to an activation of biogenetic gene clusters that remain silent under axenic conditions. 17, 18 All compounds analyzed in this study were submitted to a cellular cytotoxicity ( The antimicrobial activity of 2 against Staphylococcus aureus, Sarcina ventriculi, Pseudomonas aeruginosa, Candida albicans, Aspergillus niger and Fusarium oxysporum was also described with MIC values similar to those of ampicillin and nystatin. 21 Therefore, it could be assumed that the production of 2 and 3 during co-cultivation is triggered by one of these fungi as a stress response to suppress the growth of its competitor. 
